We calculate the Casimir force between a Ge plate and a Ge spherical lens with neglected and included free charge carriers. Computations with included carriers are performed using the Drude, plasma, and diffusion models. It is shown that the plasma and the Drude models lead to almost identical computational results, while the results obtained using the diffusion model are sandwiched between those obtained with neglected charge carriers and with charge carriers described by the plasma or Drude models.
Using the Lifshitz formula and the proximity force approximation, the Casimir force between the spherical lens of radius R at a height a ≪ R above a plate at temperature T is given by 
Here, k B is the Boltzmann constant, ζ l = 4πak B T l/( c) with l = 0, 1, 2, . . . are the dimensionless Matsubara frequencies, and prime adds a multiple 1/2 to the term with l = 0. In the Lifshitz theory the reflection coefficients are
where
The dielectric permittivity of intrinsic Ge with neglected free charge carriers can be approximately represented in the form [1] with neglected role of charge carriers. The force magnitudes at a few typical experimental separations are listed in the column 2 of Table 1 .
Thermodynamically and experimentally consistent application of the Lifshitz theory to dielectric materials suggests that one should simply ignore the role of free charge carriers [3] . Intrinsic Ge is dielectric because its conductivity vanishes with vanishing T . However, there are different approaches in the literature attempting to include free charge carriers into the model of dielectric response when calculating the thermal Casimir force between dielectrics. The density of charge carriers in intrinsic Ge at T = 300 K is estimated as n e = n h = 2.3 × 10 13 cm −3 [1, 4] . Then the plasma frequencies of electrons and holes can be formally calculated as
Here, m e = 0.12m, m h = 0.21m are the effective masses, and m is the mass of an electron.
This equation leads to ω p(e) = 7.8 × 10 11 rad/s, ω p(h) = 5.9 × 10 11 rad/s.
If one includes the role of free charge carriers by means of the Drude model, the dielectric permittivity takes the form
whereω p(e,h) = ω p(e,h) /ω c ,γ (e,h) = γ (e,h) /ω c , the relaxation parameters at T = 300 K are equal to γ (e) ≈ γ (h) ≈ 2.6 × 10 11 s −1 [1], and ε l is defined in Eq. (3). It is easily seen that for all l ≥ 1 the sum of the second and third terms on the right-hand side of Eq. (5) 
The magnitudes of the Casimir force in the experimental configuration of Ref. (1) and (2) 
From the comparison of columns 3 and 4 in Table 1 it follows that for intrinsic Ge the Casimir forces computed using the Drude and the plasma models are almost identical. Thus the calculations of Ref.
[2], which resulted in significantly larger magnitudes of the Casimir force computed using the plasma model than those computed using the Drude model, are incorrect.
For comparison purposes, in column 5 of 
